The phosphagens, phosphocreatine and phosphoarginine, are well known as stores of energy in vertebrate and invertebrate tissue. Typically, only one phosphagen is present in any one species. One class of invertebrates, however, the polychaetes (phylum Annelida), is probably unique in possessing seven phosphagens (Robin, 1974) , characteristically occurring in pairs. The phosphagens, including the two mentioned above, are the phosphorylated compounds of the guanidine derivatives, glycocyamine, taurocyamine, hypotaurocyamine, opheline and lombricine.
The most studied invertebrate group as regards the phosphagens are the molluscs, which contain phosphoarginine. Investigations have shown (De Zwaan et al., 1980; Livingstone et al., 1981) that the phosphagen is used primarily in escape responses and valve snapping action, providing energy in the very short term. It is probable that the phosphagens play a similar role in the polychaetes, when required, but it is the possible contribution over a longer period to anaerobic energy supply that is being considered in this investigation. The concentrations of phosphagens in two sedentary polychaetes have been studied in relation to varying lengths of time in complete anoxia.
Phosphoarginine and phosphocreatinine have been measured, using standard enzymic analysis techniques, in Terehella lapidaria L. and Cirriforntia tentaculata (Montagu) respectively.
T. lapidaria lives in rock crvices in the mid-tide region of the shore, and during low tide suffers extreme hypoxia or anoxia. During experimental anaerobic incubation over 6 days, the store of phosphoarginine was apparently depleted to exhaustion (Table I) .
C. tentaculata lives in burrows beneath or between rocks in gravelly mud or sand. It is exposed at low tide and its burrow becomes anoxic. However, it is possible that due to the very high affinity for oxygen, at a very low external oxygen tension, of the respiratory pigment (haemoglobin) and the branchial filaments extending above the burrow into trapped pools of water, that C. tentaculata rarely experiences anoxia (Dales & Warren, 1980) . Under experimental anoxia, phosphocreatine levels drop rapidly in the first 5 h (Table I) .
The results clearly show that phosphagen breakdown is occurring during anaerobiosis, but there appears to be a discrepancy in the rate of breakdown between the two animals. In T. lapidaria it is a gradual breakdown over 6 days, in comparison with rapid breakdown over just 5 h in C. tentaculata. It is not yet understood why this should be but it may be linked to the greater oxygen affinity of the C. tentaculata haemoglobin providing the potential for storing oxygen longer than in T. lapidaria. An alternative may be a difference in phosphokinase activity in the two species, related to their behavioural response to disturbance. T. lapidaria is very sluggish, exerting little energy and presumably there is little phosphagen breakdown, whereas C. tentaculata withdraws rapidly into its burrow and wedges itself there. Phosphocreatine would be very important in this instance, not only for powering the escape response but also because during withdrawal the branchial filaments are also withdrawn leading to temporary hypoxia. The terebellid polychaete Terehella lapidaria L. is found in rock crevices at mid-tide level and at low tide is exposed to hypoxic or anoxicconditions for 3-4h. Like many intertidal animals it is capable of surviving several days of anoxia. Most of these organisms are able to survive by reverting to specialized pathways of intermediary metabolism. These anaerobic metabolic pathways have been most extensively studied in bivalve molluscs (see De Zwaan, 1977 for review), but studies with some polychaete worms (Schottler, 1979) and other organisms have shown that the major routes of energy production during anaerobiosis are similar in all organisms.
The main source of energy production is the breakdown of glycogen, though decreases in aspartate concentrations during anaerobic incubation implicate amino acids as a secondary energy source. There exist two major pathways of anaerobic metabolism, one leading to the accumulation of lactate, via the Embden-Meyerhof pathway, and the other VOl. 12
